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Abstract 
Photonic crystals can realize broadband thermal infrared stealth based on its high-reflection photon forbidden band. 
By forming a "hole-digging" reflection spectrum of doped photonic crystals at military laser wavelength of 1.06μm 
and 10.6μm, compatible stealth of laser and infrared can be achieved. We selected lead telluride (PbTe) and cryolite 
(Na3AlF6), and designed a one-dimensional two-defect-mode photonic crystal based on principles of distributed 
Bragg reflector micro-cavity. The reflection and transmission spectra of the photonic crystals were calculated by 
transfer matrix method of thin-film optical theory. The calculation results show that the designed multi-cycle dual-
hetero-junction photonic crystal has a high spectral reflectance in the near, middle and far infrared band, whose 
spectral reflectance is greater than 99% in 1~5µm and 8~14µm infrared bands, and spectral transmittance at 1.06μm 
and 10.6μm is greater than 96%. This will satisfy the laser and infrared compatible stealth in the near, middle and far 
infrared bands 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Compatible stealth of laser and infrared is an urgent demand of modern battlefield, but the demand is 
ambivalent for conventional materials.[1,2] Infrared detection is a passive detection, which detect and 
identify targets by their infrared radiation. So for infrared stealth, the material with low thermal radiation 
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or high reflectance is needed. On the contrary, laser detection is an active detection, which detect and 
identify targets by own laser echo. For laser stealth, the material with low reflectance or high 
transmittance is needed. The operating wavelength of common military Nd+3:YAG laser and CO2 laser 
was 1.06μm and 10.6μm, corresponding to near-infrared and far infrared. To realize compatible stealth of 
infrared and laser, the best way is to form a “hole-digging” reflection spectrum [3], that is developing a 
new material, which has an extremely low reflectance only at very narrow band nearby 1.06μm and 
10.6μm, while has a high reflectance in the other infrared bands. It may be possible in theory, but is very 
difficult to implement for the conventional materials. This problem can be solved by the defect level 
structure of doped photonic crystal [4,5]. 
Photonic crystals can realize broadband thermal infrared stealth based on its high-reflection photon 
forbidden band,[6-12] and by forming a "hole-digging" reflection spectrum of doped photonic crystals, 
high transmittance at wavelength of 1.06μm and 10.6μm of military laser can be achieved, so compatible 
stealth of laser and infrared can be achieved too. [13-16] 
In this paper, we selected lead telluride (PbTe) and cryolite (Na3AlF6) as high refractive index and low 
refractive index material respectively, and designed a one-dimensional two-defect-mode photonic crystal 
based on principles of distributed Bragg reflector (DBR) micro-cavity. The calculation results show that 
the designed multi-cycle dual-heterojunction photonic crystal has a high spectral reflectance in the near, 
middle and far infrared band, whose spectral reflectance is greater than 99% in 1~5µm and 8~14µm 
infrared bands, and spectral transmittance at 1.06μm and 10.6μm is greater than 96%. This will satisfy the 
laser and infrared compatible stealth in the near, middle and far infrared bands. 
2. Theory model and algorithm 
A typical one-dimensional photonic crystal usually consists of two different materials alternately, 
which its refractive index is n1 and n2, and the thickness of the two materials is h1and h2 respectively, as 
shown in Figure 1. For one-dimensional photonic crystal, its optical characteristic can be calculated by 
transfer matrix method [17]. 
 
      
Fig. 1. (a) Schematic of 1-D photonic crystal; (b) Schematic of 1-D doped photonic crystal. 
PbTe was selected as a high refractive index material, whose refractive index is 5.6 at the wavelength 
of 5μm, and transparent band is between 3.4~30μm; meanwhile, Na3AlF6 was selected as a low refractive 
index material, whose refractive index is 1.35, and transparent band is between 0.2~14μm[18]. During the 
calculation, we presume that the incident angle is zero, and the medium dispersion and absorption can be 
neglected. 
To achieve dual-wavelength of 1.06μm and 10.6μm “hole-digging” reflection spectrum, the photonic 
crystal is bound to be dual-doped. But there is an interaction between the two defect modes generated by 
traditional dual-doped method, which can lead to mode splitting, channels interference, independent 
adjustment of channel positions and changes of the band structure, and peak transmission of defect modes 
and so on [19-21]. Based on DBR micro-cavity principle, we designed a two-fixed-position defect mode 
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photonic crystal at the wavelength of 1.06μm and 10.6μm firstly, and then expanded the band gap by 
superimpose different cycle photonic crystals between two photonic crystal micro-cavities [22-23]. The 
calculation results show that the compound photonic crystal has achieved high reflectance in the most of 
1~14μm infrared band, and high transmittance at the wavelength of 1.06μm and 10.6μm. 
3. Results and discussion 
Firstly, we designed a symmetry DBR micro-cavity A with central wavelength λ0 is10.6μm, and 
designed the optical thickness of each layer is λ0/4. The structure can be expressed as follow: 
Air/[HL]2H[HL]2H/glass,where H represents PbTe, L represents Na3AlF6, the same below). Its reflection 
spectrum has shown in Figure 2. 
Then we designed a symmetry DBR micro-cavity B with central wavelength λ0=1.06μm as same 
structure as micro-cavity A, and its reflection spectrum has shown in Figure 3.  
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Fig.2 The reflection spectrum of DBR microcavity A                    Fig.3. The reflectance spectrum of DBR microcavity B 
And then, we stacked up the above two micro-cavities. The structure can be expressed as follow, 
Air/[HL]2H[HL]2H[HL]2H[HL]2H/glass. Its reflection spectrum has shown in Figure 4, and two “holes” 
at 1.06μm and 10.6μm can be seen clearly. 
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Fig.4 The reflectance of two-stacked DBR microcavities           Fig.5 The reflectance spectrum of 1-D photonic crystals 
Then, we inserted a photonic crystal (PC1) with central wavelength λ0 is 3.85μm into the middle of 
the two DBR microcavities to extend the 3~5μm mid-infrared band gap. The structure can be expressed 
as: air/[HL]2H[HL]2H[HL]2[LH]2[HL]2H/glass, and its reflection spectrum has shown in Figure 5. 
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Finally, we inserted another photonic crystal (PC2) with central wavelength λ0 is 2.5μm between the 
microcavity B and PC1, to widen the near-infrared band gap. The structure is: air/[HL]2H[HL]2H[HL]2 
[LH]2[HL]2H[HL]2H/glass. The designed multi-cycle dual-heterojunction photonic crystal has a high 
spectral reflectance in the near, middle and far infrared band, whose spectral reflectance is as high as 99% 
in 1~5µm and 7.4~20µm infrared bands, and a high spectral transmittance greater than 96% at 1.06μm 
and 10.6μm, as shown in Figure 6. This will satisfy the laser and infrared compatible stealth in the near, 
middle and far infrared bands.  
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Fig.6 The reflection and transmission spectra of multi-cycle dual-heterojunction photonic crystal  
4. Conclusions 
In summary, we selected PbTe and Na3AlF6 and designed a one-dimensional two-defect-mode 
photonic crystal based on principles of DBR micro-cavity. The photon forbidden band was broaden to 
1~20μm by constructing two hetero-junction photonic crystals. The reflection and transmission spectra of 
the photonic crystal were calculated by transfer matrix method of thin-film optical theory. The calculation 
results show that the designed multi-cycle dual-heterojunction photonic crystal has a high spectral 
reflectance in the near, middle and far infrared band, whose spectral reflectance is greater than 99% in 
1~5µm and 8~14µm infrared bands, and spectral transmittance at 1.06μm and 10.6μm is greater than 
96%. This will satisfy the laser and infrared compatible stealth in the near, middle and far infrared bands. 
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